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Section A 
The section is worth 20%. This section is mandatory. There are no choices.  
 
A1.  
I. What are the different mechanisms of creep?  
II. What are the different requirements of alloys used to make turbine blades; in particular, 
nickel based super alloys?  
III. What production methods are used to make the turbine blades so that they resist creep? 
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Section B 
This section is worth 80%. Answer any 5 of the 7 questions. Each question is worth 16 




A. How does the type of bonding in metals explain the following? 
a. Atoms in solid metals tend to pack into simple high-density structures. 
b. Most metals have comparatively high electrical conductivity. 
 
B. Derive a materials index for the elastic bending of beams for the following cross sections. 
Both the length and stiffness of the beam are fixed by design. In your derivation define the 
meaning of stiffness. 
a. Square 
b. Rectangle (breadth b not a variable) 
c. Solid circle 




A. A metal is heated to a higher temperature. When the material is hot, explain how the elastic 
modulus and the strength of the metal will change. Explain this with the help of a simple 
schematic stress-strain diagram. 
 
B. The yield strength of a steel specimen is 300MPa and its tensile strength is 450MPa. 
Consider two scenarios. 
i. The specimen is loaded in a tensile test to 250MPa and unloaded. 
ii. The same specimen is reloaded in a tensile test to 380MPa and 
unloaded. The specimen is then reloaded to failure.  
Explain the material behaviour by drawing a schematic stress-strain diagram for the loading, 
unloading and reloading for both scenarios. Derive an expression for the slope of the true 
stress-strain curve at the point of necking.  
Question B3 
 
A. In tensile tests on steel and aluminium, describe the distribution of deformation along the 
gauge length in the specimens until the load reaches the maximum and after it exceeds the 
maximum load. Use schematic diagrams to explain your answer for both materials. 
 
B. Draw a schematic diagram to show a tensile test curve for a ductile metal and mark the 
following parameters: 
• Elastic region 
• Plastic region 
• 0.1% proof strength 
• Tensile strength 
• Plastic strain at fracture 
• Elastic energy at fracture 
• Young’s Modulus 
 
  
THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM 
ANY EXAMINATION VENUE IN ANY CIRCUMSTANCE 
 
Semester 1, 2015 FINAL EXAMINATION 
 ENG364 – Materials Engineering 




A. Consider the atomic structure of silica glass in Fig.1 below. The figure shows the structure 
of glass without addition of Na (sodium) (Fig 1a) and with addition of Na (sodium) (Fig.1b). 
Compare the two structures and describe the properties of the two materials. 
 
 
Fig.1 Atomic arrangement of amorphous silica (a) and the same with addition of Na (b). 
 
B. A composite material consists of parallel fibres of Young’s modulus Ef in a matrix of 
Young’s modulus Em. The volume fraction of fibres is Vf. Derive an expression for Ec, 
Young’s modulus of the composite, along the direction of fibres, in terms of Ef, Em and Vf. 
Obtain an analogous expression for the density of the composite, ρc. Using materials given 
in Table 1, find ρc and Ec for the following composites: (a) carbon fibre-epoxy resin 
(Vf=0.5), (b) Glass fibre-polyester resin (Vf=0.5), (c) Steel-concrete (Vf=0.02).  
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Question B5 
 
A. The standard electrode potentials for various metals are given in Table 2 below. Amongst 
these metals which will you use to cathodically protect a steel structure against corrosion 
and why? The steel structure is held at a potential of 0.6 volts( vs SHE) in a neutral pH 
solution. The Pourbaix diagram for iron is given in Fig.2. At the same potential(0.6V vs 
SHE) if the pH of the environment surrounding the steel structure is increased to 14 (by 
pouring concrete), what will be the corrosion state of the structure?  
 
Table 2 Standard Electrode Potentials 
 







Fig.2 Pourbaix diagram for iron 
 
B. Answer all of the following questions 
 
i. Describe a simple test you will perform to ascertain the corrosion rate of materials? 
Derive an expression for the corrosion rate of materials. 
 
ii. What is the process of aluminium anodising? 
 
 
iii. Plain carbon steel immersed in sea water has a uniform corrosion rate expressed as 
0.127 mm per year. The density of iron is 7.87Mg/m3. The atomic weight of Fe is 
55.8 g/mol. 
a. Calculate the weight loss per year per unit area 
b. Calculate the corresponding minimum corrosion current per unit area 
needed to stop corrosion by assuming iron corrodes as Fe   ---- Fe+2 + 2e 
 
iv. Why is the resistance to stress corrosion cracking sometimes more important than 
the resistance to uniform corrosion? 
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Question B6 
A. A large component is made of steel for which Kc = 54 MPa√m. Non-destructive testing by 
ultrasonic methods shows that the component contains long surface cracks up to a = 2mm 







where A=6x10-12 m (MPam-½)-3. The component is subjected to an alternating stress of 
range  
 
Δσ = 180MPa 
 
about a mean tensile stress of Δσ/2. Given that ΔK = YΔσ(πa)½, estimate the number of 
cycles to failure. 
 
B. A welded gusset shown in Fig.3 below is subjected to fatigue stresses. Using the 
information in Figs 4&5 select a standard weld class and estimate the stress range 
tolerated at 108 cycles. For an unwelded base metal, the stress range tolerated at 108 
cycles is 340MPa. Why is there a significant reduction in the stress range that can be 
tolerated for welds when compared to the unwelded base metal? What would you 
recommend to improve the fatigue properties of welds from Class F to Class B? 
 
 
Fig.3 Weld details of the gusset 
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Fig.4 Standard weld classes 
 
Fig.5 Fatigue strengths of the standard weld classes for structural steel – curves for 97.7% survival 
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Question B7 
 
A. What material properties would you use to select materials for spring applications? Explain. 
 
B. Answer all the following questions. 
i. Draw stress vs number of cycles diagram for an aircraft during takeoff? 
ii. How do you account for the fracture surfaces obtained for ductile and brittle 
materials? 
iii. Why are some materials such as aluminium and high Ni steels used for cryogenic 
applications? Why are plain carbon steels not used in cryogenic applications?  
iv. Name the strengthening mechanisms in metals. Briefly outline the basis for all the 
strengthening mechanisms. 
 
 
